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CLASSIFICATION OF THE HUMAN SENSES
The recent edition of the Textbook of physiology, edited by Fulton, reveals
the enormous strides made in this field during the past fifteen years.8
Similar advances have been achieved in the increasingly closely related
discipline of experimental psychology, a science that only a few decades ago
was compartmentalized into artificial groups, such as Sensation, Cerebration
and Intellection, and Tendency to Action (William James).
What has fundamentally changed the approach to problems in all areas of
psychology is the concept of dynamic structure-a pattern of stress deter-
mined by the integration of divergent forces-as originally propounded by
the gestalt psychologists Wertheimer, Kohler, Koffka, and their followers.
Replacing the atomistic viewpoint of previous authors, this concept has
furnished the basis for such contributions as the Topological Field Theory
(K. Lewin), the Sensory-Motor Synergy Theory (W. S. Boernstein) and
Sensory-Tonic Theory (H. Werner), the Cybernetic Contribution to
Perception (M. Wiener, W. Pitts, and W. S. McCulloch), and, most
recently, the Theory of Event-Structure (Floyd Allport).
Indeed, the concept of structure plays a decisive r6le not only in the study
of the personality as an articulated whole, but also of single senses-vision,
audition, and touch. Yet when it comes to classifying the senses of man, to
evaluating them according to one common principle, even gestalt psycholo-
gists have avoided the challenge, while other modern psychologists as well
as physiologists still tend to fall back on the old blueprints of nineteen-
century authors.
Historically, following Johannes Muller's anatomic-physiologically ori-
ented division of different parts of the nervous system according to specific
sense-energies, H. von Helmholtz arranged the pertinent psychological
entities (sensations) according to "modalities." Cataloguing the modality of
vision, the modality of audition, the modality of taste, etc., he made no
attempt at evaluation but merely postulated that there were no transitions
from any one modality to another."
From a purely physiological standpoint, Charles S. Sherrington differen-
tiated between "exteroceptors," responding to changes in the external
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environment, and "interoceptors," reacting to changes within the body.
Again, the senses were graded not according to an over-all principle but, in
this case, classified on topological grounds-the site of the receptive field."7
Also, as Ruch points out, clinical classification has been "strongly influenced
by morphological considerations"1" with no regard to the biological or
psychological values of the senses.
From time to time, to be sure, there have been a few authors who have
ascribed different values to the various senses, but their ideas were never
developed beyond the initial stage of hypothesis. As early as 1904 the physi-
ologist W. Nagel claimed that only "the so-called higher senses, vision and
audition," are strictly separated from the other senses and from each other,
but that transitions do exist between "the so-called low senses." However,
he failed to explain what it is that determines the division into "high" and
"low" senses.'4
Perhaps the first author to view the human senses in their living context
was Johannes von Kries, the foremost sense physiologist of his time. He
classified the senses according to their capacities to convey precepts
arranged in space. Vision and touch he designated as being the "spatial
senses par excellence," while olfaction was placed at the other end of the
scale, for it seemed doubtful to him that odors had any spatial order.
Further, he spoke of "the sense of space" and "the sense of time" as being
the products of several different factors, among them the voluntary move-
ments. According to von Kries, these senses represent "a total of functions
in which not only the single senses take part but manifold activities,
particularly of the central nervous system."'2
Here a basic property of man as a whole-his ability to experience space
and time-was recognized as being the result of numerous activities in-
tegrated into one functioning pattern. Further, the capacity for spatial
perception was used as the criterion for classifying the senses. Today, how-
ever, the question still remains as to whether this classification is justified
and, if so, what are the morphological-physiological differences underlying
this psychological distinction?
Since the time of its publication a half century ago, von Kries' hypothesis
has not been elaborated. Most students of sense physiology have been con-
tent to treat each sense separately, as if it were an entity isolated from the
rest of the organism. Some authors have singled out one sense as being
more important than all the others. Thus E. D. Adrian pointed out "the
importance of the eyes to our cerebral activities and to our way of think-
ing."' But G. Murphy emphasizes the "inner cues," suggesting that man
"differs, indeed, from all other animals in being relatively free of direct
dependence on immediate external stimulation."'3
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The foregoing brief historical review indicates the divergence in views up
to the present. However, today's coalescence of physiology and psychology
justifies the search for a principle for evaluating the senses which will apply
equally to their psychological and somatic aspects. Here Gestalt Psychology,
dealing as it does with the concept of structure in physical objects as well as
in perceptual phenomena, supplies a key to the problem.
According to Wertheimer and Kohler, gestalten are "segregated wholes,"
structured by self-distribution and regulation of forces and material.'1 On
the basis of physical data alone, Kohler had distinguished between "strong"
and "weak" gestalten. This distinction will be elaborated and applied more
generally in the following paragraphs.
In a strong gestalt, the configurating forces are well integrated and
clearly determined in space. Thus the gestalt maintains itself as a stable,
sharply delineated, dynamic pattern that resists pressures from without. It
is a "positive" figure set off from the "negative" ground (E. Rubin). It
can be transposed in such a way that the relations within the gestalt remain
unchanged. A strong gestalt is a dimensionally defined or spatial structure.
In a weak gestalt, the configurating forces offer little resistance to
pressures from without. A weak gestalt is unstable, fluctuating- in structure,
and tends to blend with the ground. Therefore it cannot be fully extracted
from its surroundings. A weak gestalt derives its meaning from the total
figure-ground situation of the moment. Because of the vagueness of its
spatial delineations, a weak gestalt may be called "pre-spatial."'
There are many gradations of strong and weak gestalten. The more
highly differentiated a gestalt, the stronger must be its coherent forces. In
other words, a high degree of spatial differentiation indicates great strength
of the configurating forces.
When it comes to perceptual gestalten, however, one must take into
consideration their physio-psychological nature. Gestalt Psychology, having
originated in classical physics, treats perceptual gestalten as if they were
isolated physical entities, claiming that "the forms of experience" are
identical in structure with the underlying physical gestalten in the nervous
system.
Actually, a perceptual gestalt depends largely on the over-all level of
organization of the perceiving system. Of necessity, the concept of "levels"
of perception" is alien to Gestalt Psychology, as is therefore the idea of
classifying the human senses. Indeed, it is not by chance that this school
has dealt only with the high senses, ignoring taste and smell.
In a physical gestalt, the configurating forces are inherent and self-
distributing; those in a perceptual gestalt are not. A perceptual gestalt (a
heard melody, a viewed painting) is part of a larger whole-the perceivTing
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individual. The configurating forces arise outside the pertinent sensory
sector of the brain and are supplied, as this writer has indicated elsewhere,
by the individual's basic tonus apparatus and its specialized branches. Per-
ceptions are the result of either massive or specialized "sensorimotor syner-
gies"; in other words, "perceptions are acts."2'3 Each perception is both
impression and expression of the individual.
The integration of sensory and motor processes in perception has been
demonstrated by this writer in experiments on frogs and toads, monkeys
(where gustatory acuity depended on intactness of the sensory as well as
motor cortical areas), and on brain-injured and normal human beings.`7
That perceptual processes are intimately bound up with the given personal-
ity was shown in other experiments this writer conducted together with
W. Jaensch at the University of Berlin years ago. Contrary to the classical
gestalt concept, our findings at the time revealed that the kind of perceptual
response was dependent upon the particular psychosomatic type of the
subject.'
Strong perceptual gestalten appear relatively late in phylo- and onto-
genesis, marking a turning point in mental development. Indeed, it is only
the strong perceptual gestalten, with their transposable intrinsic meanings,
constancy and tendency to pregnance hence largely independent of the
momentary constellation-that provide the basis for objectivity, abstract
thinking, and artistic creation.
Generally speaking, normal perception is predicated upon two conditions:
first, the available physical objects, regardless of whether or not they are
gestalten in themselves; secondly, that mechanism within the individual
which is capable of translating the qualities and spatial order of those
objects into a perceptual gestalt.
In other words, the level of a perceptual gestalt is partly conditioned by
the spatial order of the external objects. The more complex the spatial
relations of a given stimulus constellation, the stronger and more highly
differentiated is the resultant perceptual gestalt-provided the underlying
sensorimotor mechanism is more highly differentiated. Those senses that
are structured in such a way as to be capable of strong perceptual gestalten
may be classified as the Iiigh or spatial senses, while those senses that can
convey only weak gestalten are the low or pre-spatial, senses.
The problem of why some senses in the adult human being have not
matured, while others have reached a high stage of development, extends
beyond the confines of Gestalt Psychology. It is elementary that each sense
is "tuned" to its own external agents, with the sense of smell responding to
odors and not, for instance, to light waves, the auditory sense to sounds and
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not to tastes, etc. Yet it is not the qualities of these agents that determine
the level of organization of a sense, but their spatial relations.
Vision, for example, is not a high sense because it responds to colors, but
rather because it is organized in such a way as to be capable of cognition of
the highly differentiated patterns available in the visual field. The corre-
sponding is true for the tactile sense, and also for audition where "quasi-
spatial" structures are provided by the frequencies of acoustic waves.
Only by regarding a sense as a plastic sensorimotor organization can one
understand why the spatial order of external objects has such a decided
influence upon the level of development of a sense. Indeed, far from being
"a segregated whole," a sense, like any biological system, is open to the
outer world and can only exist by continually receiving energies and mate-
rial from its environment (food and adequate stimuli), assimilating them,
and giving off products of its own. Consequently, the morphological-
functional structure of a sense is the product of continual fusion of its
inherent energies and material with those of its environment.
The formative r6le of the environment in regard to the whole organism
has been stressed by S. Hecht: ". . . the environment adapts the organism
to itself."' This statement is equally valid for any living part, including the
senses. In addition to the environment shared by all the organs of the body,
each sense has its own special external environment in the form of adequate
sensory stimuli. Thus stimuli in the form of light waves for vision, of
acoustic waves for audition, etc., not only influence the substance of the
sensory system, but help to shape its sensorimotor organization, by
excitation and inhibition.
Where the outer environment is structurally primitive, as with physical
odors, warmth or cold, the sense cannot mature beyond the low level of
these weak gestalten. Only where the external environment is well articu-
lated, as with optic, acoustic, and tactile objects, can the sense reach a high
level of development.
In the course of evolution, perception starts with weak gestalten in all
the senses. Gradually, along with the emergence of more specialized stlruc
tures in the nervous system, more and more differentiated and integrated
perceptual gestalten become possible in the high senses. They, however,
retain their low sensory functions as well. For instance, perception of light
and dark in vision and noises in audition are low sensory functions of high
senses. Both high and low sensory functions are vital to the human being,
with the high sensory functions serving his cognition of the outer world
and the low ones largely his autonomic needs.
A low sense is characterized anatomically by a poorly organized sensori-
motor system with a relatively diffuse reception area in the cerebral cortex
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and a close connection with the autonomic nervous system (hypothalamus)
Physiologically, a low sense can give rise only to weak configurating forces
which are helpful in maintaining the internal environment. Psychologically
a low sense can develop only weak perceptual gestalten, not clearly
separated from emotion.
Olfaction and taste are among the low senses. Taste, however, being
closely related to the tactile sense, does have a synapsis in the thalamus
opticus." It is also closely connected with the digestive system and plays an
important r6le in nutrition. The ability to locate gustatory stimuli is rather
poor, as is its cognitive capacity.
Olfaction, being largely concerned with visceromotor activity, is on an
even lower level of development than taste. The sense of smell is repre-
sented in the most ancient part of the human brain and its connection with
the thalamus, if any, is extremely tenuous, its sensorimotor apparatus poor.
Hence there is no ability to perceive highly differentiated (spatial) gesta!-
ten.2 Actually, the location of odors can only be gauged by their intensitvy.l
In accordance with the definition of weak gestalten, olfactory precepts are
unstable, with little objective value, open to suggestion, and part and parcel
of the total situation of the moment. Odors derive their meaning for the
individual chiefly from a particular situation or activity in which they once
played a role.
Thus, in tests conducted by this writer, odors were described by children
as well as adults in "concrete" terms, such as: "like a rose," "it has some-
thing to do with a pharmacy," "like the soap we use at home," etc. Clearly,
in olfaction, personal affective experience outweighs the cognitive response.
A high sense is characterized anatomically by a well-structured sensory
system with a relay station in the thalamus opticus (for perceiving space
and time), a sharply defined cortical reception area, and a highly differen-
tiated specific tonus apparatus which supplies the dynamics for the pertinent
strong perceptual gestalten. Physiologically, it has the ability to generate
strong as well as weak configurating forces. Psychologically, it is able to
develop strong as well as weak perceptual gestalten. Pathologically, agnosia
is possible only in the realm of high senses. The senses conforming to this
description are vision, audition, and touch (which is a composite of several
subsidiary functions).
Of all the senses, vision plays the most important role in man's orienta-
tion. Moreover, vivid optic activity has been found by this writer to occur
even in total darkness ("induced hallucinations") in response to non-
adequate stimuli that increase the body tonus, such as the taste of sugar,
ultraviolet rays on the skin, or abrupt muscle contraction.4
"
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Audition, by making speech and music possible, contributes immeasur-
ably to the interhuman relationship. The tactile sense, of course, supplies
strong perceptual gestalten of its own. Particularly striking is the integra-
tion of tactile sensation and movement.
It is through man's high senses that he is able to perceive the world in
terms of space and time. For this level of perception, the individual's frame
of reference is supplied by the specialized branches of his tonus apparatus.
Since all human beings are equipped with the motorium guaranteeing
space-time perception, they are all capable of strong perceptual gestalten.
In this way the high senses make possible the sharing of perceptual
gestalten with other individuals. It is this common experience of transpos-
able gestalten that provides the means for thinking, and leads to communi-
cation of ideas. Thus it may be said that the ability of the high senses to
perceive spatial relations is the fountainhead of cultural progress.
To sum up, different senses in the adult human being are on different
levels of organization. These differences depend partly on internal factors in
the individual, partly on the formative influence exerted by the spatial
arrangement of the external objects to which the particular sense is attuned.
Only highly organized sensory systems can convey perception of well-
differentiated objects; only well-differentiated objects can provoke the
development of highly organized sensory systems.
The high senses of vision, audition, and touch are the spatial senses; the
low senses, such as taste and olfaction, are pre-spatial. Thus the senses
may be classified anatomically, physiologically, and psychologically accord-
ing to their capacity for spatial perception.
This writer is indebted to Professors K. S. Lashley and George Gaylord Simpson
for their constructive criticism in formulating this paper, and to Henrietta Gilden for
the editing.
REFERENCES
1. Adrain, E. D.: The physical background of perception. Oxford, Clarendon Press,
1946, p. 54.
2. Boernstein, W. S.: On the sense of smell (title trans.) Dtsch. Z. Nervenheilk.,
1928, 104, 55-91, 173-207.
3. Boernstein, W. S.: Der 4ufbau der Funktionen in der Hosphiire. (The functional
structure in the auditory cortex.) Berlin, S. Karger, 1930.
4. Boernstein, W. S.: On the hormonal regulation of the correlation between sensory
functions and body tonus. (title trans.) Klin. Wschr., 1931, 28, Also: On the
interrelation of sensory systems: psychological experiments. (title trans.)
Ned. Tijdschr. Psychol., 1933, 1, 331-334. Also: On the functional relations
of the sense organs to one another and to the organism as a whole. J. Gen.
Psychol., 1936, 15, 117-131.
5. Boernstein, W. S.: On the physiological basis of perception: the influence of
"bright-dark" stimuli on the state of melanophores in amphibians. (title trans.)
Arch. int. Pharmacodyn., 1939, 61, 387-417.
214Classification of human senses I BOERNSTEIN
6. Boernstein, W. S.: The cortical taste area in monkeys and a semi-quantitative
method of testing taste in monkeys. Amer. J. Physiol., 1940, 129, P314.
7. Boernstein, W. S.: On the physiologic basis of hallucinations and dreams. Pro-
ceedings of the Rudolf Virchow Medical Society, Vol. 9, 1950. Also: On the
physiological basis of hallucinations, including dreams. Proceedings and papers
of the Thirteenth International Congress of Psychology, Stockholm, 1951.
8. Fulton, John F., Ed.: A textbook of physiology. 17th ed. Philadelphia, W. B.
Saunders Co., 1955.
9. Hecht, S.: Quoted by Murphy, G. in Personality. New York, Harper & Bros.,
1947.
10. Helmholtz, H. von: Die Tatsachen in der Wahrnehmung. In: Schriften zur
Erkenntnistheorie. Paul Hertz and M. Schlick, Eds. Berlin, Julius Springer,
1921.
11. Kohler, W.: Die physischen Gestalten in Ruhe und im stationaren Zustand.
Brunswick, F. Vieweg und Sohn, 1920. Also: Gestalt psychology. New York,
Liveright Publishing Co., 1947.
12. Kries, J. von: Zur Psychologie der Sinne. In: Handbuch der Physiologie des
Menschen, Vol. III. Brunswick, F. Vieweg und Sohn, 1904, p. 18.
13. Murphy, G.: Personality: A biosocial approach to origins and structure. New
York, Harper & Bros., 1947, p. 262.
14. Nagel, W.: Allgemeine Einleitung zur Physiologie der Sinne. In: Handbuch der
Physiologie des Menschen, Vol. III. Brunswick, F. Vieweg und Sohn, 1904.
15. Ruch, T. C.: Somatic sensation. Chapter XVIII in: A textbook of physiology.
J. F. Fulton, Ed. 17th ed. Philadelphia, W. B. Saunders Co., 1955.
16. Ruch, T. C., Blum, M., and Brobeck, J.: Taste disturbances from thalamic lesions
in monkeys. Amer. J. Physiol., 1941, 133, 433-434. Also, Blum, M., Walker,
A. E., and Ruch, T. C.: Localization of taste in the thalamus of Macaca
mulatta. Yale J. Biol. Med., 1943, 16, 175-191. Also, Patton, H. D., Ruch,
T. C., and Walker, A. E.: Experimental hypogensia from Horsley-Clarke
lesions of the thalamus in Macaca mulatta. J. Neurophysiol., 1944, 7, 171-184.
17. Sherrington. C. S.: The integrative action of the nervous system. (Silliman
Memorial Lectures.) London, Constable Co., 1906.
18. Skramlik, E. von: Handbuch der Physiologie der niederen Sinne. Leipzig, J.
Thieme, 1926.
215